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(54) Title: FLAME RESISTANT SINGLE-COMPONENT REACTION RESIN 

(54) Bezeichnung: FLAMMWIDRIGES ETNKOMPONENTIGES REAKTIONSHARZ 

(57) Abstract 

A single-component reaction resin hard enable by UV radiation consists of (A) a phosphorus-containing aery late; (B) another 
unsaturated compound mat may be radically copolymerised with acrylates; and (C) a radical photo-initiator system. Various simple ways 
of producing phosphorus -containing acrylates are disclosed. These acrylates may in mm be mixed with the most different commercially 
available aery late components to form storage-stable reaction resins. These resins are useful for masking electronic components and may 
be completely hardened by UV radiation into a flame-resistant masking material. 

(57) %u,sa m menfBS7""g 

Ein UV-hartbares einkomponentiges Reaktioruharz besteht aus (A) einem phosphorhaltigen Acrylat, (B) einer weiteren, radikalisch nut 
Acrylaten copolymerisierbaren ungesattigten Verbindung und (Q einem radikaUschen Photoinitiatorsystem. Es werden verschiedene cinfachc 
Wege zur Herstellung der phosphorhaltigen Acrylate vorgeschlagen, die sich mit unterschiedlichsten handelsQblichen Acrylatkomponenten 
zu lagerstabilen Reaktionsharzen mischen lassen. Diese sind zur Abdeckung elektronischer Bauelemente geeignet und lassen sich dutch 
UV-Bestrahlung vollstandig zu flammwidrigen Abdeckmassen aushfirten. 
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[57] ABSTRACT 
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resin system comprises a phosphorus-containing aery late, 
another unsaturated compound which can undergo free 
radical copolymer izat ion with acrylalcs and a free radical 
initiator system. 
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RESIN SYSTEM OF PHOSPHORUS- be cured completely at moderate temperatures of up lo abuut 

CONTAINING ACRYLATE, UNSATURATED 100° C, and which can easily be processed wilh the appa- 

COM POUND AND PHOTOINIATOR ratuses customary for cabling resins and which can be cured 

to molded materials which have an adequate Dame resis- 

FIELD OF THE INVENTION 5 ta°ce required for electronic components and which exhibits 

good corrosion properties. 

The present invention is directed toward flame resistant 7^ 0 bj ec ts are achieved according to the invention 
reactive resins and, more specifically, to reactive resins that ^th a reactive resin system which comprises a phosphorus- 
are suitable for covering electronic components that can be containing aery late, an unsaturated compound which can 
cured by UV irradiation which results in Dame-resistant iQ undergo free radical copolymerization with acrylaies and a 
covering compositions. Still more specifically, the present free radical photoinitiator system. 

invention relates to flame-resistant single -component rcac- A number of phosphorus-containing acrylatcs which can 

live resins that are suitable for covering or encasing elec- cas ii y De prepared from customary and reactive phosphorus 

ironic components. compounds are proposed for the reactive resin system 



BACKGROUND OF THE INVENTION 



according to the invention. 



DETAILED DESCRIPTION OF THE 

Process-friendly, environmentally compatible and flame- PRESENTLY PREFERRED EMBODIMENTS 

resistant reactive resin molded materials are required for . . . 

covering or encasing electronic components. Both for rea- .™ e phosphorus-containing acryla.es can be oombiiKd 

sons of processing reliability and from economic „ w ' h commercially available acryla.es nr epnxy acryla.es 

considerations, single-component reactive resins wbicb are and a pbotoun.ialor system to g,ve the reactive rcs.n system 

storage- Sl able al room temperature for at least three months a fc°«J«>6 to the invention. Tim .s storage-stable fo< at leas, 

and can be cured within a short time at relatively mild curing sa u monlhs » r00m temperature. It can easily be applied 

temperatures of. for example. 100° C. are increasingly w,lhnul 1 , solven ' mn 8 "PP'™"™ ^ces known from 

required. A further requirement of reactive resins which can 23 casung resms, and h^. for example, a v,scosi.y at 60 C.of 

he employed for thispurpose and of the molded materials 1«W to 5000 mPas. llje resin of the present .nvenhon shows 

produced therefrom is a corrosion-free behavior which does 8°° d corr0SI0n P ro l* r,ies on electronic components, 

not impair the function and therefore tbe life of a component reactive resin system can be cured ma maximum ol 

covered therewith. The flameproofing aimed for should be »w> °»°"'<* by means of UV irradiation. The phosphorus- 

such that the reactive resin and the molded materials pro- » C0Dlainm S wryla.es, or tbe phosphorus contained therein, 

duced therefrom can easily be recycled or at least can be show D0 adverse influence on the curing reaction here, 

disposed of without problems. An adequate flame resistance can be achieved by estab- 

A reactive resin system which comprises phosphorus- lishin 8 » ^ienlly high phosphorus content of, for 

containing reactive compounds to improve the flame resis- « am P te ; 1 ,!? 5 * b jr« ht ' Pf f " abI y 15 '° 3 * bv we, 8 hl 

ianceisk^ownfromEP-A41 24 25.Reac.ionofahydroxy- 35 Standard UL 94 V0 Iron. Underwaters Laboratories ,s 

functional phosphorus compound wi.h an organic anhydride c k om P lied w " h » one •n*odimenl example up .o a specimen 

gives an acid ester which can be used as a phosphorus- thickness of 1. ft mm. 

coniaining hardener component for a two-component reac- A wide-ranging spectrum of properties can be achieved in 

live resin based on epoxide. the reactive resin system by admixing fillers and by choice 

... . . . ■ ■ in of suitablv matched acrylatcs. For example, the flame rcsis- 

As.nglc-compor^ntphosphorus-con.a.mngrcact.vercs.n lance caI] - b( . ^ «) ft,,,^, by admixing suitable fillers, 

sysiem which can be cured under initiation by UV is known . ( . r . . . m , • i . m .„ ,• m 

/ ,,;a n.^^ np— i i 3 . ■ 4 , such as, lor example, aluminum hydroxide or magneM urn 

from WO 94/10 223. The phosphorus component is the . , ' r J 

elycidyl ester of a phosphorus-containing acid which, ^ It [ X1 , ' , , , . . . t . 

fnge.her wi.h the usual I epoxy resias and a photoinitiator for . ib V mil re ^!'^ ly ca " be m °f ^ ^l™'" 8 tr " 

a ca.ionic curing process, Jesuits in a singk-componem « radical mit.atOBwhwh can be activated by heat, for example 

reactive resin system which shows an adequate storage orgamc r*mx,des Tbrse regions n . reacuve resin appbed 

„,.-,;,„ . _ n - n „ rnnArt : ae to a component which are shielded from UV irradiation can 

stability and good corrosion properties. , , , , , , , , . • i t *. . 

J & .. t_ ■ t_ thus also be thoroughly cured completely by alter- treatment 

Phosphorus-containing unsaturated compounds which whh faeat Such shielded regions would 0 i herwise show 

have been proposed for coating metals and for use as ^ incnmplete curing after the irradiation and therefore lead to 

adhesives are known from EP-A 278 029. Alkali metal salts ^^,^5 which could impair the properties of the com- 

and alkaline earth metal salts are present as catalysts tor tbe ^ Qr cmbcddcd ^ thc frcc radicai in i tiators . 

thermal curing. This impairs their usefulness for electronic Sq ^ ^ st0fage fe QOl impaired by the free 

components. radical initiator which can be activated by heat, organic 

Unsaturated phosphorus-containing carboxylic acid $5 p Cr0X ides having a decomposition point of preferably above 

derivatives are known from DE 20 52 569. These can be jqq« £ arc chosen. 

reacted with other monomers under acid conditions to give ^ 'tnermal'mechanical properties can be influenced 

copolymers. advantageously by suitable choice of the pbosphorus- 

A photosensitive resin composition which comprises a containing acrylates (component A) and the other uusatur- 

phosphatc compound having a photopolymcrizablc unsatur- ^ a ted compounds (component B). A higher mechanical 

a led bond in combination with a bete roaromalic, such as, for strength and a higher glass transition temperature are 

example, benzolria^ole, is known from DE-A-32 07 504. achieved by using polyfunctional acrylates or copolymeriz- 

^r, ^, T „ ,vr, ^* m ^vr able unsaturated compounds, so-called cross-linking intea- 

SUMMARY OF THE INVENTION sjfiefs 0 , reJCtive dU ^ ms> which tols( lhe cr0SS b lulUing 

The object of the present invention is there fore to pro vide 65 density in the reactive resin molded material. Improved 

another single-component ready-to-use reactive resin which flameproofing is achieved by using components having a 

is storage -stable for several months al room temperature, can high content of aromatic groups. 
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A first possibility of obtaining phosphorus-containing 
acrylates comprises reaction of a hydroxy -functional phos- 
phorus compound I with an isocyanaloalkyl (melh)acrylale 
II 



R', — P( — R— OH)j „ 
I 



O 
II 



- n)OCN-Allcylen-0— C— CR'=CW : - 
0 



must be added to the phosphorus-containing aery late thus 
obtained. For complete neutralization of the acid, the cor- 
responding amount of an amine is added to the reactive resin 
system. Thereafter, neither the catalyst nor the blocking 
5 agent has an adverse influence on the storage stability or 
reactivity of the reactive resin system. 

Phosphorus-containing acrylates can furthermore be pre- 
pared via the reaction of glycidyl esters of phosphoric acid 
III with (mcth)acrylic acid. 

Another possibility for preparing phosphorus-containing 
10 acrylates comprises reaction of a hydroxyalkyl phosphorus 
compound I with a reactive (ojeth)acrylic acid derivative V 



I II I' (3-n)R'CII=CR"C-X + R'.— P(— R — Oinj_„- 

R„-P(-R-0-C-NH— Alkylcn-0-C-CR*=CH2),^ 15 v ( 



in these formulae; 
n-0 or 1 

R' is alkyl or aryl; 

R: — (CH : — where K-l to 5, — O— (CH 2 — )„, where 
m-1 to 5, or 

(CH : -v 

— OH;— N( .wherep- 1 toJ; 

\ 25 



R": hydrogen or methyl. 

Instead of the isocy ana to alkyl (metb) acrylatc n, the 
reaction can also be carried out with methacrvlovl isocyau- 
atelX. 



O CHj DC 
II I 

OTN— C— C=CH 3 

l"hc reaction, with or without a solvent, was carried out in a 
stoichiometric ratio, a uretbane-bridged phosphorus- 
containing (meth)acrylate being formed. 

Another possibility for the preparation of a phosphorus- 
containing acrylate comprises reaction of a phosphorus- 
containing epoxide III with a hydroxy-functional acrylate, 
for example a hydroxyalkyl (meth)acrylate IV. 

o o 
II / \ 
R'*P — (OCHiCH CH;)j^, ♦ 

m 



35 



40 



(3 - n)HO— Alkylco— O— CCR' =CH 2 ^ 

IV 

O Oil O 

II I II 

R , 4 P-(OCH 2 CH— CHK>— ADtyka— 0-CCR*=CH2)v- 



in these formulae: n-0, 1 or 2; 55 
R': is alkyl or aryl; 
R* : hydrogen or methyl. . 

'1 he phosphorus-containing epoxides can be esters, such 
as, for example, glycidyl esters, of phosphonic acid. The 
hydroxy-functional acrylate preferably contains a primary 60 
OI I group, in order to counteract the lower reactivity of the 
phosphorus-coutainiog epoxide compound. 'Jlje mono- or 
diglycidyl compounds are preferably reacted with mono- to 
trihydroxy compounds. Required as catalyst is a strong acid, 
for example a hcxafiuoroantimonatc, in a concentration of 65 
0.1 to 5% by weight, preferably 0.2 to 1% by weight. For 
storage stability reasons, a blocking agent for the catalyst 



o o 
II II 

R'„-P(-R— 0-C-CR'=CII-RVn 



in which X is halogen and n is 0 or 1. Furthermore, R' is 
alkyl or aryl and R* is hydrogen or mclhyl. During ihc 
reaction, it is to be ensured here that the hydrohalic acid 
formed is trapped by a suitable base, for example by addition 
of an amine. The ammonium halide compound Conned can 
be precipitated out, if required, and separated off. 

The invention is explained in more detail below with the 
aid of embodiment examples. 

A) Embodiment examples for phosphorus-containing acry- 
late components 

EXAMPLE 1 

A phosphorus-containing acrylate component VI is pre- 
pared by reaction of sec-butyl-bis(3-hydroxypropyl) 
phosphinc oxide and isocyanaiocthyl mcthacrytatc: 



CH 3 O 
I II 

CH3CH2CH - p( -chjCHzCHjOh;^ + 

O CH, 

II I 

2 OCN— CH^H^O-C— C=CH : 
CH 3 O O 



O CH 3 

I I! II II I 

CHjCH^TH— P£— CHjCHjCHj-O-C— NHCH;CH;0— C— C=CH : h 

VI 



40 parts by weight (0.18 uiol) of sec-butyl-bis 
(3-bydroxypropyl)phospbinc oxide, diluted with 40 parts by 
weight of dried methylene chloride, arc initially introduced 
into a .Vnecked flask provided with a blade stirrer, ther- 
mometer and drying tube filled with desiccant (calcium 
oxide), and 55.84 pans by weight (0.36 raol) of isocy ana- 
toctbyl mcthacrylatc arc added dropwisc by means of a 
dropping funnel with exclusion of moisture, while stirring. 
The reaction temperature should not rise above 25° C. 
during this addition, otherwise gentle cooling (water bath) is 
necessary. After a reaction time of 2 hours, the solvent is 
. removed quantitatively in vacuo at a bath temperature of a 
maximum of 50° C, 4.8 parts by weight of hydroxyethyl 
mcthacrylatc (0.04 mol) subsequently being added to block 
any isocyanate groups still present. The product VI has a 
viscosity at 60° C of 750 mPas and a phosphorus content of 
5.5% by weight and results in a storage stability at room 
temperature of more than 6 months. Storage in a refrigerator 
increases the storage stability to more than 1 year. 

EXAMPLE 2 

Preparation of a phosphorus-containing acrylate com- 
pound by reaction of an epoxide -containing phosphorus 
compound with a hydroxyalkyl meihacrylate. 
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Another phosphorus-containing aery la le VII is produced For a belter storage stability, 0.008 part by weight of 

by reaction of diglyeidyl phenylphosphonale with an excess bydroquinone was added. The product VIH has a viscosity 

of hydroxyethyl methacrylate. at 25° C. of 400 mPas. 

0 5 EXAMPLE 4 

c*H6— p(— 0CH2CH — CH:) 2 + 43,05 parts by weight of the phosphorus-containing acry- 

0 CHj late component VI described in Example 1 arc mixed wilh 

|| I 29.49 parts by weight of bisphcnol A epoxyacrylale 

2HOCH^U-0-C-c=CH i > (Ebercry) 600®), 5.9 parts by weight of reactive dilueni 

0 0H 0 CH 1 trimethylolpropanc triacrylate, 0.39 part by weight of 

II 1 II I ' 2-mcthyl-l-[4(mcthylihio)-phcnyl]-2-morpholinopropan-l- 

CsH*— P(— OCHjCHCH:— OCH.<H^»— C— C=CH2)2 one (Irgacure 907<S>), 0.39 part by weight of isopropyllhiox- 

vn antbone (Ouamacure ITX®), 0.78 part by weight of a 
peroxide (Luperox 231-50®) and 20.00 parts by weight of 

30.92 parts by weight (0.238 mol) of hydroxyethvl meth- ' ■h'niimim hydroxide (Apyral 4®) to give a homogeneous 

acrylate (slight excess) and 0.3 1 part by weight of hexafluo- composition. 

roantimonic acid (1 mmol) are initially introduced into the A composition which is storage-stable at room tempera- 
apparatus described iu Example 1, and 31.0 parts by weight lu "5 an ^ has a viscosity at 60° C. of 1240 mPas is obtained. 
(0.115 mol) of diglyeidyl phenylphosphonale are added 20 H shows a good processibQity. 

dropwise in the course of one hour. The reaction mixture is Shaped articles can be produced from this composiiion in 

stirred at room temperature for 45 hours and then be a ted at layers up to 1 cm thick by brief UV irradiation for 30 

60° C. for 20 minutes. 1 "hereafter, 03 part by weight (2 seconds. Any desired higher layer thicknesses can also be 

mmol) of 2-diisopropylaminoethanol is added to the reaction cured completely with the aid of after-treatment with heal at 

mixture to neutralize the catalyst, and the mixture is treated 25 130° C. for 30 minutes. The cured molded material complies 

at 60° C, for another 5 minutes. The epoxide value deter- with Standard UL94 V0 of Underwriters Laboratories up 10 

mination subsequently carried out shows a conversion in the a specimen thickness of 1.6 mm. 
reaction of 99%. 

The product VD has a viscosity at 25° C of 14000 mPas EXAMPLE 5 

and a phosphorus content of 5.6% by weight, and shows a 30 4 1 .67 parts bv weight of acrylate component VI are mixed 

storage stabUity of more than 1 year at room temperature. wi(h 36 76 pa ' rls by wcighl of an acryIalc . conUining 

EXAMPLE 3 epoxyphenol uovolak (Ebecryl 639®) — 100 parts by weight 

Reaction of a hydroxyalkyl phosphorus compound with a of Ebecryl 639® comprise 30 parts by weight of triraeihy- 

reactive methacrvlic acid derivative. 35 ^rapane tn acrylate and 10 pans by wcght of hydroxy- 

I# .„„ . 1 . . j u ethyl methacrylate— 0.39 parts by weight of 2-methy 1-1 -[4 

A phosphorus-containing acrylate VIII is obtained by , ' . i ., _ r . 0 - n ' L 

. . * , 1% . » ■ ./ (methylthio)phenyl]-2-morpholinopropan-l-one (Irgacure 

reae ion ol sec-butyl-bts(3-hydroxypropy])phuspnme oxide . * t_. * ■ i.u- u 

. , , 1 1 u 907®), 039 part by weight of isopropyllhioxanthone 

witD memacryioyi cnlonde (Quantacure ITX®), 0.78 part by weight of a peroxide 

CHj 0 CHj 0 (Luperox 231-50®) and 20.00 parts by weight of aluminum 

1 3 || l ' J 40 hydroxide (Apyral 4®)) at 60° C. to give a homogeneous 
CHjCH;CH-P(CH:CH;CH;OH)2+ 2 CH 2 =C C— CI ^ composition. The casting resin formulation has a viscosity a I 



60° C. of 1400 mPas and has a storage stability of 1 year at 

^ J J f** 3 room temperature. 

CHiCHzCH— P(CHjCH^H;0— C— C=CFU)2 ^ After mixing and degassing, this casting resin is intro- 

VIII duced Into a correspondingly fiat casting mold, irradiated 
wiih UV for 60 seconds (intensity of the UV lamp 50 

44.45 pans by weight (0.20 mol) of scc-butyl-bi<3- mW/cm=) and then subjected to after-treatment with heat at 

hydroxypropyl)phosphine oxide, 41.48 parts by weight 120 ° C. for 1 hour. 

(0.41 mol) of triethylamine (slight excess) and 60.0 parts by J0 Standardized test bars produced in this way arc subjected 

weight of dried toluene, are initially introduced into a to the flameproof test in accordance with Underwriters 

3-necked flask provided with a blade stirrer, thermometer Laboratories UL 94 V0. The casting resin molded material 

and a drying tube filled with calcium oxide, and 41.82 parts according to the invention complies with the flame resis- 

by weight (0.4O mol) of methacryloyl chloride and 40.0 tance specification up to a specimen thickness of 3.2 mm and 

parts by weight of dried toluene are added dropwise by 55 shows good mechanical and chemical properties of the 

means of a dropping funnel, whfle stirring constantly. The molded material. 

reaction vessel is cooled with a kryomat. The reaction The phosphorus-containing acrylales VII and VIII can be 

temperature should not exceed 5° C. To bring the reaction to mixed with the other resin components in an analogous 

completion, the reaction mixture is further treated at room manner to give rcady-to-usc reactive resins, which in mrn 

temperature for 10 hours. ^ have a high storage stability, a viscosity which is sufficiently 

The amine hydrochloride which has precipitated out is low for casting resin uses and easy curability to give 

then separated off by means of a suction filter, the filtrate is flame-resistant molded materials. 

extracted by shaking with water 3 times and separated off Although modifications and changes may be suggested by 

and the organic phase is dried with sodium sulfate, those skilled in the art, it is the intention of the inventors to 

The solvent toluene and any triethylamine still present are 65 embody within the patent warranted hereon all changes and 

removed quantitatively in a rotary evaporator in vacuum at modifications as reasonably and properly come within the 

a bath temperature of a maximum of 50° C scope of their contribution to the art. 
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We claim: 

1. A composition comprising 

a reaclion product of an epoxide-containing phosphorous 
compound with a hydroxyalkyl (mctb)acrylate; 

another unsaturated compound which can undergo free 
radical copolymerization with acrylates; and 

a free radical photomitiator system. 

2. Ihe resin of claim 1 wherein the epoxide -containing 
phosphorous compound has the following formula: 

o o 
II / \ 

R'n— P( — OR— CH CHi),„ 

wherein n is an integer ranging from 1 to 2, R* is selected 
from the group consisting of a Iky I and aryl and R is an 
a iky Jen e radical. 

3. The resin of claim 1 wherein the hydroxyalkyl (metb) 
aery late has the following formula: 



10 



20 



8 



HO — R — O— C— CR"=CHj 



4. The resin of claim 1 wherein the resin is solvent-free. 

5. The resin of claim 1 wherein the resin is further 
characterized as having a phosphorous content ranging from 
0.5% to 5% by weight. 

6. The resin of claim 1 wherein the free radical initiator 
can be activated by heat. 

7. The resin of claim 1 further comprising a mineral filler 
in an amount ranging from 0% to 60% by weight. 

8. The resin of claim 1 further comprising an organic 
peroxide having a decomposition point of greater than 80° 
C 

9. The resin of claim 1 wherein said another unsaturated 
compound which can undergo free radical copolymerization 
with acrylates is selected from the group consisting of 
(meth)acrylales, polyepoxides esierified with (meih)acrylic 
add and low molecular weight polyacrylate reactive diluents 
other than the polyepoxides cstcrifkd with (racth)acrylic 
acid. 



wherein R is an alkylene radical and R* is selected from the 
group consisting of hydrogen and methyl. 



* * ♦ * * 



